left ventricle is approached (Davies 1968 ). The possibility that Loffler's endocarditis and endomyocardial fibrosis form a spectrum of the same disease process, the origin of which can be traced back to the presence of eosinophils in the myocardium, has been suggested by Brockington & Olsen (1973) . The list of examples of the structural and ultrastructural appearances forming the basis of myocardial disease is by no means complete. Apart from the characteristic appearances at histological level, the myocardial cells appear to react in a limited way to many different stimuli, but ultrastructural examination permits us to study the structural changes in greater detail and permits some insight into the structural basis of myocardial disease. Replacement of the aortic valve raises the problem of the mutually antagonistic requirements of providing a good operative field for the surgeon and adequately preserving myocardial integrity during the period of aortic occlusion. The three main procedures used clinically under these circumstances are continuous coronary artery perfusion, no myocardial perfusion at all, and coronary 'infusion' -injection into the root of the aorta below the aortic clamp of various cardioplegic media prior to a period of ischemia.
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Each technique may be combined with hypothermia. In an attempt to assess the effect of each of these procedures on a comparable experimental preparation, they were investigated using the isolated beating rat heart. Male rat (Sprague-Dawley 280-320 g) hearts were excised and the aorta and left atrium cannulated, leaving the pulmonary artery open. For 5 min they were perfused via the aorta in a Langendorff (1895) non-working preparation with Krebs-Henseleit bicarbonate buffer at a hydrostatic pressure of 65 cmH20 (6.37 kPa). They were then converted to a working preparation (Neely et a!. 1967, Hearse et al. 1974 ) for a 15 min control period.
The left atrium was perfused at a pressure of 20 cmH2O (1.96 kPa). At the end of the control period the left atrial inflow and the aortic outflow were stopped for a 30 min experimental period. During this time the myocardium was subjected to a variety of experimental procedures. Following this the heart was converted back to an atrially perfused working preparation. Aortic flow and other parameters of cardiac function were measured as the heart recovered from the effects of the chosen experimental procedure. potassium+10 mmol/l adenosine triphosphate (ATP). The recoveries were 26%, 39 %, 66% and 77 % respectively (Fig 1) . Hypothermia also protected the rat heart from the effects of ischtemia. If topical hypothermia was used during the ischeamic period and the temperature of the heart was lowered to 30°C, the recovery was improved from 5 % (37°C) to 30 % of control. Lowering the temperature progressively improved the recovery until at 4°C the heart recovered to 95 %.
Our results would indicate that continuous coronary perfusion is required for optimal myocardial preservation. However, its clinical application produces a poor operating field because the heart may beat, making a moving target for stitches placed in a restricted area in the root of the aorta, and may hinder, by its tone, retraction for surgical access. Methods of producing cardiac arrest in association with continuous coronary perfusion were investigated. Continuous perfusion throughout the 30 min experimental period with buffer containing 16 mmol/l potas-10 15 sium resulted in a subsequent rapid and complete recovery of aortic flow (Fig 2) . Hypothermic ti30minuteperiodof perfusion in which the temperature of the buffer usionrior to was reduced to 4°C resulted in a 96 % recovery U'Vy.3}'-J L_l&.3114,1&9,AEi ii. &trtj"tuv&rr *tu* ischeemia; *, K++Mg+ infusion prior to ischamia; *, K+ +ATP infusion prior to ischlemia; A, procaine infusion prior to ischemia; 0, continuous coronary perfusion during bypass. Each point represents the meanfor 6 hearts and the bars represents the standard error
The recovery of aortic flow and other parameters was expressed as a percentage of the control values obtained prior to the experimental period. Six rats hearts were used in each experimental condition. Continuous coronary perfusion throughout the 30 min experimental period allowed an immediate recovery of myocardial function such that at the end of the 15 min recovery period aortic flow was 97 % of that achieved in the control period (Fig 1) . In contrast, 30 min of ischemia resulted in a recovery of only 5 %.
Coronary infusion of modified buffer containing 16 mmol/l potassium for 2 min prior to the 30 min ischemic period improved myocardial preservation and increased the recovery to 39 %.
In clinical and experimental studies Bretschneider (1964) and Kirsch et al. (1972) have infused a variety of solutions into the myocardium prior to the onset of ischemia. We have investigated the protective action of some of the individual components of these solutions. Rat hearts were infused for 2 min prior to a 30 min period of ischmnlia with buffer containing 10 mmol/l procaine, 16 mmol/l potassium, 16 mmol/l potassium+16 mmol/l Mg++, or 16 mmol/l ( Fig 2) . Continuous normothermic perfusion with normal potassium concentrations but with cardiac standstill induced by electrical fibrillation reduced the recovery of aortic flow to 80%. This detrimental effect of ventricular fibrillation is in agreement with the observations of Hottenrott et al. (1974) and others, and may possibly be due in part to subendocardial ischaemia resulting from maintained cardiac tone and redistribution of coronary flow. The minimum concentration of potassium and the degree of hypothermia required to produce complete cardiac arrest were then investigated. As the concentration of potassium was raised from 5 to 50 mmol/l the heart progressively slowed until complete arrest occurred at approximately 20 mmol/l potassium. In studies where the temperature of the perfusate was progressively reduced from 37°C to 0°C similar results were obtained, with complete cardiac arrest occurring at approximately 60C. The use of 20 mmol/l potassium would pose practical problems of elimination in the clinical situation and 4°C is logistically difficult to maintain in an operating theatre. We therefore investigated the possibility of using the additive effect of moderate hypothermia and minimal elevation of potassium concentration to achieve complete arrest. The combination of 13 mmol/l potassium and 24°C hypothermia was shown to induce complete arrest and also to permit 100% recovery after a 30 min period.
All the interventions described so far have a different biochemical basis and as such are likely to have differing metabolic and functional consequences. In an attempt to find a biochemical indicator or determinant of damage and recovery, a parallel series of studies was carried out in which, instead of allowing the hearts to recover at the end of the experimental period, they were instantly frozen by compressing them between metal plates cooled in liquid N2. The frozen tissue was analysed for ATP and its companion energy carrier creatine phosphate (CP), which we have shown previously (Hearse & Chain 1972) may act as accurate indicators of the ability of the myocardium to recover from certain conditions of stress. The results revealed that in a control situation with continuous normothermic coronary perfusion for the 30 min experimental period the total myocardial content of ATP and CP was 46.7 ,umol per g dry weight. Normothermic coronary perfusion with 16 mmol/l potassium (which allowed recovery in excess of 100%) led to a tissue level of 56.3 .tmol per g dry weight. Hypothermic coronary perfusion at 4°C (which allowed recovery to 96%) led to a level of 46.3 ,umol per g dry wt. Ischaemia at 37°C for 30 min (which allowed a 5% recovery) led to a level of only 8.1 pmol per g dry wt. If the total myocardial content of ATP and CP from these and other experiments was plotted against the recovery of aortic flow a good correlation (r= 0.96, P<0.001) was observed. I While direct extrapolation to the human of these studies carried out with the isolated perfused rat heart is not justified, our results would indicate that complete myocardial protection during cardiac bypass can only be achieved by ensuring continuous and adequate coronary perfusion. However, under conditions requiring the use of ischimic arrest, the onset of tissue damage can be delayed or reduced by a variety of interventions ranging from hypothermia to coronary infusion of various protective agents. Finally the myocardial content of ATP and creatine phosphate is a good indicator and possibly a determinant of the ability of the heart to survive. The myocardium is made up of many branching cells, the myocardial fibres, each of which is 50 to 70 ,m long and 5 to 10 um wide. As each myocardial fibre shows variable branching the exact volume and shape of individual fibres may differ more widely than the average width and length suggest. The fibres are joined to each other by intercalated discs which hold the fibres together and allow passage of ions and electrical current. Each fibre is covered by sarcolemma,
